Abstract. We analyze properties of the unique nova-like star AE Aquarii identified with a close binary system containing a red dwarf and a very fast rotating magnetized white dwarf. It cannot be assigned to any of the three commonly adopted sub-classes of Cataclysmic Variables: Polars, Intermediate Polars, and Accreting non-magnetized White Dwarfs. Our study has shown that the white dwarf in AE Aqr is in the ejector state and its dipole magnetic moment is µ ≃ 1.5 × 10 34 G cm 3 . It switched into this state due to intensive mass exchange between the system components during a previous epoch. A high rate of disk accretion onto the white dwarf surface resulted in temporary screening of its magnetic field and spin-up of the white dwarf to its present spin period. Transition of the white dwarf to the ejector state had occurred at a final stage of the spin-up epoch as its magnetic field emerged from the accreted plasma due to diffusion. In the frame of this scenario AE Aqr represents a missing link in the chain of Polars evolution and the white dwarf resembles a recycled pulsar.
INTRODUCTION
Cataclysmic Variables (CVs) are interacting low-mass close binaries containing a red dwarf (a normal component) and a white dwarf (a degenerate component). These systems emit variable radiation in a form of flares separated by phases of quiet (quasistationary) state. Depending on the amplitude, duration and recurrent time of the observed flares these objects can be classified as novae, dwarf novae and nova-like stars [1] . Their non-stationary behavior is caused mainly by mass exchange between the system components. Matter lost by the red dwarf interacts with the degenerate component which lead to appearance of new sources of radiation responsible for peculiar features of CVs. Spatial and physical characteristics of these sources are determined by the parameters of the binary system and properties of its components. The stream of matter moving through the first Lagrangian point L1 to the white dwarf forms provided the red dwarf overfills its Roche lobe. The mass exchange in this case occurs on the dynamical time-scale [2] and is characterized by a high (Ṁ rd ∼ 10 −9 − 10 −7 M ⊙ yr −1 ) rate of mass-loss by the red dwarf. Evolution of a stream in the Roche lobe of the white dwarf depends on its spin period and magnetic field strength. On this basis CVs can be divided into three main subclasses. , does not exceed its radius, R wd . Here µ and M wd are the dipole magnetic moment and the mass of the white dwarf,Ṁ is the mass-transfer rate into its Roche lobe and κ is a parameter accounting for the geometry of the accreting flow ranging from 0.5 to 1 for the disk and spherical accretion, respectively [3] . Under this condition mass-transfer takes place via an accretion disk forming in the Roche lobe of the white dwarf and extending down to its surface. Accretion of matter in the disk generates additional sources of radiation with total luminosity L acc =ṀGM wd /R wd . About one half of this energy is released at the inner radius of the disk in the region of its interaction with the surface of the white dwarf (a so called boundary layer) and emitted in the ultraviolet (UV) and soft x-ray spectral domains. Accretion energy released in other parts of the disk is observed in the optical-UV part of the spectrum in a form of the continuum and emission lines with typical double-peaked profiles (in the systems with high orbital inclination). II. The Polars are CVs in which the spin period of the white dwarf is close to the orbital period of the system and its magnetic field is strong enough for its Alfvén radius to exceed the radius of circularization of the accreted material. The value of circularization radius for the case of the red dwarf filling its Roche lobe can be estimated as R circ = a (1 + q) (0.5 − 0.227 logq) 4 , where a is the orbital separation, q = M rd /M wd is the mass ratio and M rd is the mass of the red dwarf [5] . Under these conditions the white dwarf magnetosphere prevents formation of a disk in its Roche lobe. At the same time the corotation radius of the white dwarf, R cor = GM wd /ω 2 s 1/3 , turns out to exceed its Alfvén radius due to a relatively slow (with a spin period of a few hours) axial rotation. Here ω s = 2π/P s and P s are the angular velocity and the spin period of the white dwarf. Centrifugal force at the magnetospheric boundary in this case does not prevent penetration of matter into the magnetic filed of the white dwarf and accretion onto its surface. Thus, a so called channeled accretion scenario can be realized in which the stream of matter flowing through the first Lagrangian point L1 enters the magnetosphere of the white dwarf without forming a disk, and flowing along the field lines reaches its surface in the magnetic pole regions. Additional source of radiation in this case is generated due to accretion and is localized at the base of the accretion channel near the stellar surface. The accretion luminosity is released predominantly in the X-ray and UV spectral range. A particular property of these objects (reflected in their name) is a highdegree circular polarization of their optical radiation. Understanding the cyclotron nature of this radiation and localization of its source near the base of the accretion column made it possible to establish independently that the surface magnetic fields of the white dwarfs in Polars are in the range 20 − 100 MG [4] . III. Intermediate Polars contain white dwarfs with the Alfvén radius satisfying the condition R wd < R A < R circ . Their spin periods span a wide range from tens of seconds up to an hour. However, all members of this subclass of Cataclysmic Variables are characterized by the corotation radius of a white dwarf being in excess of its Alfvén radius and hence the rotation of the white dwarf magnetosphere cannot hinder accretion of matter onto its surface. Under these conditions the infalling material can form a disk with the inner radius reaching the Alfvén radius of the white dwarf where the accreting flow penetrates into the magnetic field of the white dwarf and streaming along its field lines reaches the surface at the magnetic poles. The accretion energy released in the process of matter infall onto the surface of the white dwarf is radiated in a form of X-ray photons with an average energy in the range 6-10 keV. In the case of oblique rotator (i.e. when the spin axis of the white dwarf is inclined to its magnetic axis) the X-ray source produces radiation pulsing at the spin frequency of the white dwarf. The disk emits optical-UV continuum with a number of emission lines often found to be double-peaked. Thus, additional emitting source responsible for a peculiar appearance of Cataclysmic Variables arises due to accretion of matter lost by the red dwarf onto the surface of the white dwarf. Variability of these sources can be interpreted in terms of non-stationary character of the accretion process possibly connected with instabilities in the accretion flow and/or in the region of its interaction with magnetosphere of the white dwarf. High-amplitude flares are explained by thermonuclear explosion in the matter being accumulated on the white dwarf surface in the process of accretion.
I. Non-magnetic
Classification outlined above is rather universal and spans practically all currently known Cataclysmic Variables with only a few exceptions the brightest of which is a low-mass close binary system AE Aquarii. The next Section describes parameters of this system and its most interesting peculiarities. We will pay particular attention to estimating the magnetic field of the white dwarf (Section 3) and show that the star is in the ejector state. Analyzing evolutionary status of the system in Section 4 we conclude that spin and magnetic energy of the white dwarf had significantly increased during a previous epoch (no earlier than 10 million years ago) due to intensive accretion onto its surface. At the present time the system is in a particular state which we classify as "Twister" and discuss in Section 5.
MAIN PARAMETERS AND OBSERVATIONAL APPEARANCE OF AE AQUARII
The beginning of AE Aquarii study dates back to early 1930s, and throughout these 80 years the views of astronomical community on the nature of this system has changed dramatically over and over again. It was first described by Wachmann [6] , Zinner [7] è Joy [8] as a nova-like star similar to o Ceti, T Tauri and SS Cygni, respectively. Henize [9] has noted that this star exhibits series of flares with a very short recurrence time close to one hour. AE Aquarii was the first Cataclsmic Variable found to be a spectroscopic binary containing a red dwarf with a hot companion [10] . The discovery of the 33s coherent oscillations in the optical [11] and X-ray [12] emission of the system made it possible to identify a hot star with a fast rotating magnetized white dwarf. As a consequence AE Aqr was assigned to the subclass of Intermediate Polars (DQ Her type stars) and until 1984 was considered a system wit non-stationary disk accretion onto a magnetized white dwarf. Observations of AE Aqr with the Hubble Space Telescope [13] allowed to estimate the average temperature of the white dwarf atmosphere T wd ∼ 10 000 − 16 000 K and to identify a source of the 33 s (and 16.5 s) pulsations observed in the optical and UV spectral regions with two hot (T p ∼ 26 000 K) spots located on opposite sides of the white dwarf and covering a surface of S p ∼ 10 16 cm 2 . Assuming that the spots are originated in the regions of magnetic poles the authors estimated inclination of the magnetic axis of the white dwarf to its spin axis in the range 76
• − 78
• . But the most remarkable finding of the Hubble Space Telescope observations was the fact that the intensity of pulsing component does not change during the flares thus arguing against the models associating flares with accretion events.
Investigating evolution of the optical 33s-oscillations during 14 years de Jager et al. [14] has made an intriguing discovery: the white dwarf is steadily spinning down at a rateṖ 0 = 5.64 ± 0.02 × 10 −14 s s −1 . Further analysis by Welsh [15] confirmed a high stability of the white dwarf spin-down rate that ruled out a possibility to explain this result in terms of differential rotation of the white dwarf. The rapid breaking of the white dwarf implies the spin-down power
which exceeds the UV and X-ray luminosity of the system by a factor of 120-300 and even its bolometric luminosity, L bol , with account for the red dwarf radiation, by a factor of 5. Here I 50 and P 33 are the moment of inertia and the spin period of the white dwarf in the units of 10 50 g cm 2 and 33 s. Thus, the spin-down power of the white dwarf dominates the energy budget of the system (L sd ≫ L bol ) which according to the authors of this discovery is typical for ejecting pulsars (i.e. neutron stars in the ejector state also known as radio-pulsars) and is unique not only for cataclysmic variables but also for a whole class of white dwarfs. This finding challenges commonly adopted assertion about an accretion nature of system radiation in general. Analyzing the observed Doppler Hα tomogram the authors of [16] and [17] concluded about an absence of an accretion disk in the system. They have reported that the tomogram essentially varies from night to night, does not possess azimuthal symmetry and is not centered on the white dwarf. The main contribution into Hα emission is made by the source whose velocity does not exceed 550 km s −1 . Interpretation of this limitation in terms of Keplerian velocity, v k = (GM wd /r) 1/2 , implies that the emitting gas is situated at the distance ≥ 4 × 10 10 cm from the white dwarf which exceeds its circularization radius by a factor of more than two (see Table 3 ). In addition, significant contribution is made by a source with spacial velocity less than 100 km s −1 , that is two times less than the Keplerian velocity at the Roche surface of the white dwarf. The conclusion about the absence of an accretion disk in the system is also favored by single-peaked profiles of the emission lines in the optical and UV bands [18, 13] as well as by a relatively small contribution of a source associated with matter moving inside the Roche lobe of the white dwarf to the optical radiation of the system [19, 20, 21] .
Data from X-ray observations also argues against an accretion nature of emission from AE Aquarii. In some manifestations the X-ray spectrum of the object resembles coronal rather than accretion spectra [22] . It is much softer than those from Intermediate Polars: X-ray emission is dominated by photons in the energy range 0.1-1 keV [23, 24, 25] . The X-ray luminosity of the system does not exceed that in the UV band and is less than luminosity of the emission source at the optical wavelengths. Contribution of the component pulsing at the spin period of the white dwarf does not exceed 18% during the quiescence and decrease down to 7% in flares. Analysis of the He-like Kα-triplet of nitrogen and oxygen presented in [26] has shown that the linear size of the source of non-pulsing X-ray emission exceeds the radius of the white dwarf by two orders of magnitude and the inferred plasma density of 10 11 cm −3 is a few orders less than the estimated density in the accretion column of Cataclysmic Variables. This result was confirmed by further investigations [27] which have revealed, however, that application of the same method to the line of Si XIII gives significantly larger values of plasma density.
In contrast to other Cataclysmic Variables AE Aqr is a powerful source of non-thermal flaring radio-emission resembling some features of radio-emission from Cygnus X-3 [28] . The observed spectrum in a wide spectral range (from decimeter-wavelength radio to infrared, [29] ) exhibits a power-low (ν 0.3−0.4 ) and can be described in terms of synchrotron mechanism. An absence of significant circular polarization implies that the observed radiation is generated by electrons with Lorenz factor γ ∼ 0.3 − 30 moving in the magnetic field with the strength ranging from 100 to 1000 G. Flaring character of radiation is interpreted in the frame of van der Laan model [30] describing synchrotron radiation of electrons trapped in expanding plasmons [28] . There are some indications that the relativistic gas is ejected from the system at velocities close to 30% of the speed of light [22, 29] . The luminosity of the system in the radio band constitutes a small fraction of the spin-down power of the white dwarf: L r /L sd ∼ 10 −5 , that points out a significant contribution of the non-thermal processes to the total energy release in the system. Some features of the ejector's appearance in the X-ray emission from AE Aqr have been revealed in SUZAKU observations of the system. Analyzing the pulsing X-ray component in the energy range 10-30 keV (first found in these observations), Terada et al. [31, 32] made a conclusion about its non-thermal nature. They associated this radiation with relativistic electrons accelerated in the white dwarf magnetosphere. This was another argument in favor of ejection rather than accretion nature of emission from this source.
It is necessary to note that ejection activity of the source was somewhat exaggerated in the reports on observations of AE Aqr in the high-energy (∼ 10 12 eV) gamma-rays (see, e.g., [33, 34] ). However, these detections have not been confirmed by a detailed analysis of 68.7 hours of data recorded on AE Aqr using the Whipple Observatory 10-meter gamma-ray telescope [35] . Theoretical study of the processes of particle acceleration in the white dwarf magnetosphere [36] has shown that this system is unlikely to be a source of intensive TeV emission. Finally, attempts to search for TeV gamma-ray emission from AE Aqr with the MAGIC experiment were not successful either [37] . Thus, at present we have no grounds to believe AE Aqr to be a Very High Energy gamma-ray source.
The reliable system parameters established in the course of its continuous intensive study are collected in Table 1 . Limitations on the orbital inclination reflects that the system is non-eclipsing (i < 70
•
) and the mass of its degenerate component does not exceed Chandrasekhar limit (i > 43
• ). The energy budget of the system is presented in Table 2 . As already mentioned above, AE Aqr is a non-thermal source in the radio and hard (10-35 keV) X-rays. The optical, UV and soft X-ray radiation of the system is predominantly thermal and is well fitted by superposition of three separate sources. The red dwarf dominates the visual light of the system (90-95%, [20] ). Contribution of the white dwarf is seen predominantly in the optical [11] , UV [13] and X-ray [24] bands in • * Detailed description of system parameters and corresponding references can be found in [45] * * The angle between the spin and magnetic axes the form of pulsed emission modulated with its spin period. The third source is extended and highly variable. It manifests itself in the optical-UV continuum, broad single-peak emission lines as well as non-pulsing X-ray emission. This source is associated with the matter captured by the white dwarf from its companion and interacting with its rapidly spinning magnetosphere [38] . It is likely to be responsible for the unique flaring activity of the system: on the timescale from a few minutes to an hour the luminosity of the object in the blue pass-bands can change by an order of magnitude [39] . These flares show good correlation in the optical, UV and X-ray parts of the spectrum but do not correlate with radio flares which are remarkably similar in terms of amplitude and timescale [40] .
The resemblance between AE Aqr and other Intermediate Polars is limited to its undoubted membership in the class of Cataclysmic Variables (based on the nature of the binary components and non-stationary character of its radiation) together with a presence of coherent oscillations in the system emission. At the same time, this object dramatically differs from all known Cataclysmic Variables with respect to both the nature of its energy source and a mechanism responsible for conversion of this energy to radiation emitted by the system. So unusual behavior of the system is presently associated with unique properties of its degenerate component whose parameters are mainly determined with enough accuracy. The only exception is the strength of its magnetic field which is a key parameter in modelling the processes of energy release and understanding the evolutionary stage of the system. In the next Section we will discuss the value of this parameter.
MAGNETIC FIELD OF THE WHITE DWARF
Direct measurements of the white dwarf magnetic field by means of Zeeman spectroscopy is ineffective in case of AE Aqr since photospheric lines of the primary cannot be identified in the spectrum of the system. On the other hand, estimation of its field strength by analogy with other Intermediate Polars is groundless because of radical difference between appearance of AE Aqr and other objects of this subclass. In this situation it would be reasonable not to restrict oneself to similarity considerations but to Bolometric luminosity of the system L b = 10 33 erg s
Spin-down power of the white dwarf L sd = 6 × 10 33 erg s −1 explore a possibility to estimate this parameter using indirect methods. Discussion concerning the magnetic field of the degenerate component of AE Aqr has started in the paper [41] . The authors called attention to the fact that for the spin period of 33 s the corotation radius of the white dwarf is only by a factor of 2-2.5 larger than its radius (see Table 3 ). This means that even a relatively weak magnetic field on the surface of the white dwarf can prevent accretion of matter on its surface due centrifugal barrier at the magnetospheric boundary. That is why in the frame of popular at that time scenario of disk accretion the magnetic field strength of the white dwarf was believed to be below 0.1 MG.
First doubts in reliability of this estimate were published by Bastian et al. [28] . Trying to explain the circular polarization of the optical radiation measured by Cropper [42] within the accretion model (i.e. in terms of cyclotron radiation from the base of the accretion column, see [43] ), they came to conclusion that magnetic field of the white dwarf is in excess of 1 MG. This result, however, leads to the following paradox: If the surface field of the white dwarf in AE Aqr is indeed so strong, a steady accretion process onto its surface is impossible (its magnetospheric radius turns out to significantly exceed the corotation radius). But if there is no accretion on the surface of the white dwarf, then the source of polarized radiation suggested in paper [43] , i.e. an accretion column, is absent. Thus, the result of Cropper (its reliability was later confirmed by Beskrovnaya et al. [39] ) proved to be the first argument in favor of revision of the magnetic field estimate and put under doubt accretion nature of radiation from this object.
The mass transfer modeling and interpretation of exceptionally rapid breaking of the white dwarf were the first steps in active revision of the existing picture of the system in general and of the magnetic field evaluation in particular. Results of these studies and analysis of possible origin of the circular polarization in the optical and the pulsed component in hard X-rays are presented in this Section. We show that all available indirect methods for evaluation of the white dwarf magnetic field lead to the estimate of its dipole magnetic moment in the range (1 − 2) × 10 34 G cm 3 . R wd is the radius of the white dwarf; R cor is the corotation radius; R circ is the circularization radius; R L1 is the distance from the white dwarf to the L1 point; R lc is the radius of the light cylinder; a is the orbital separation of the system components.
Mass transfer
Analyzing the energetic characteristics of the emission source one can conclude that the mass transfer rate in the system is in the range 10 16 < ∼Ṁ < 10 18 g s −1 [38, 44] . This means that the normal component is likely to overfill its Roche lobe and looses matter in a form of a stream through the first lagrangian point L1. But the matter flowing into the Roche lobe of the white dwarf neither accretes onto its surface nor accumulates around its magnetosphere forming a disk. In this situation the only assumption to make is that the matter is expelled from the system due to its interaction with the magnetic field of the rapidly spinning white dwarf. In other words, the primary in AE Aqr acts as magnetic propeller.
Reliability of this assumption was first examined by Wynn et al. [16] . Modelling interaction between rapidly rotating magnetosphere of the white dwarf and inhomogeneous (fragmented into discrete diamagnetic blobs) stream via a surface drag term, they have concluded that ejection of matter from the system without forming a disk is possible only if µ > ∼ 10 32 G cm 3 . However, Doppler Hα tomogram calculated under assumption that the dipole magnetic moment of the white dwarf is in the range typical for Intermediate Polars (i.e. µ ∼ 10 32 G cm 3 ) contained high-velocity (|V | ∼ 600 − 1000 km s −1 ) loop in the bottom-left quadrant which was not seen on the observed tomogram (see Fig. 1 ).
Further elaboration of the tomogram within the same scenario but for different values of the white dwarf magnetic field [44, 45] have shown that the best agreement between the observed and simulated tomograms (avoiding the appearance of high-velocity loop) can be achieved for µ ∼ (1 − 2) × 10 34 G cm 3 . Under these conditions the stream approaches the white dwarf to a distance R 0 limited by the Alfvén radius of the white dwarf R 0 > ∼ R A . For typical parameters it can be expressed as
where µ 34.2 = µ/10 34.2 G cm 3 , M 0.8 is the mass of the white dwarf expressed in units of 0.8 M ⊙ ,Ṁ 17 , is the mass-transfer rate, expressed in units of 10 17 g s −1 , and η 0.37 = η/0.37 is the parameter accounting for the geometry of the accretion flow normalized following [46] . Under the conditions of interest R A exceeds the circularization radius (see Table 3 ) and, therefore, prevents a formation of an accretion disk in the system. [44, 45] Alternative attempts to recalculate the tomogram presented by Wynn et al. [16] by making additional assumptions that in the process of interaction with the white dwarf magnetosphere the blobs remain cold [17] or on the contrary are heated to adiabatic (∼ 5 keV) temperature [26] lead to conclusions contradicting results of observations. In particular, the maximum velocity on the tomogram for the case of cold blobs (shaded region in the Fig. 1) is by a factor of 2 less than observed, while the mass transfer rate necessary to account for the system luminosity within this approach exceeds by an order of magnitude the upper limit on this parameter established from observations (see [44] ). On the other hand, in the case of hot blobs the expected X-ray luminosity of the system turns out to be by an order of magnitude higher than the observed luminosity and at least exceeds luminosity of the flaring source (see Table 2 ) which also contradicts observational data (see [47] ).
Thus, study of mass-transfer picture in AE Aqr by simulation of its Doppler Hα tomogram suggests that the dipole magnetic moment of the white dwarf is µ ∼ 1.5 × 10 34 G cm 3 . The magnetic field strength on its surface in the region of magnetic poles is
and in the region of magnetic equator it is half this value. Here R 8.8 is the white dwarf radius expressed in units of 10 8.8 cm.
Spin-down of the white dwarf
Independent evaluation of the magnetic field strength of the white dwarf in AE Aqr can be made investigating the mechanism responsible for its spin-down. The spin-down power of the white dwarf due to ejection of non-relativistic matter from the system (propeller action by the white dwarf) can be expressed as L
, wherė M out -is the mass ejection rate, and V p (R 0 ) = (2GM wd /R 0 ) 1/2 is the escape velocity of the matter at the distance of its closest approach to the white dwarf. It is necessary to take into account that the rate of release of the gravitational energy of the flow at the point of its closest approach to the white dwarf, L a (R 0 ) ≤Ṁ out GM wd /R 0 , cannot exceed the bolometric luminosity of the extended source which according to observations in the optical, UV and X-ray bands is close to 10 32 erg s −1 (see Table 2 ). Combining these two conditions we get a simple expression L (k) p (R 0 ) ∼ 2L a (R 0 ) which is a direct consequence of the virial theorem and does not depend on a mechanism by which the rotational energy of the compact object is transformed into the kinetic energy of the gas accelerated due to propeller action by the white dwarf. In other words, in the process of gas acceleration by the magnetic field of the white dwarf half of its spin-down power is transferred into the kinetic energy of the gas, and the second half -into its internal energy, e.g. heating. This conclusion is in accordance with the propeller model described in [48, 49, 50] .
An assumption that interaction between the stream which is a set of diamagnetic blobs and the magnetosphere takes place without any change of the internal energy of the interacting gas (i.e. the spin-down power of the white dwarf is completely converted into the kinetic energy of the matter ejected from the system, see e.g. [17, 51] ) is incorrect since the interaction time of a stream moving along the ballistic trajectories within the Roche lobe of the white dwarf with its magnetic field does not exceed the free-fall time, [17, 51] , and hence is comparable to the time of release of the accretion energy of the flow. Furthermore, the rate of the spin-down power of the white dwarf conversion into the kinetic energy of the outflowing blobs under the conditions of interest is limited to [52] 
where Σ eff is the effective cross-section of interaction between the magnetic field and the stream of blobs,Ṅ b is is the number of blobs interacting with the white dwarf magnetic field in a unit time, t int is the time of blob interaction with the magnetic field, and |V f − V b | ⊥ is the component of relative velocity between the stream of blobs and the magnetic field in the direction perpendicular to the field lines. The physical meaning of this expression is that the kinetic energy of the blobs increases at the rate which is limited to the rate of magnetic flux transfer through the effective cross-section of interaction between the magnetic field and the blobs. The number of blobs interacting with the white dwarf magnetic field in a unit time at the distance of the stream closest approach to the white dwarf is limited aṡ
where ρ −11 and ℓ 9 are the density and radius of the blobs at the distance of closest approach in the units 10 −11 g cm −3 and 10 9 cm (normalized according to [16] ). Under the conditions of interest (R 0 ≫ R cor , see Table 3 ) the relative velocity between the blobs and the magnetic field can be approximated as
The time of interaction between the blobs and the magnetosphere at the distance R 0 does not exceed the free-fall time, i.e. t int (R 0 ) ≤ t ff (R 0 ). Finally, the effective cross-section of interaction between the magnetic field and the blobs can be estimated as
where δ m = (D eff t int ) 1/2 is the thickness of diffusion layer at the surface of a blob determining the scale of the magnetic field diffusion into a blob on a time scale t int , and D eff is the effective diffusion coefficient. Studies of the solar wind penetration into the Earth magnetosphere [53] have shown that the maximum value of D eff is achieved in the case of Bohm diffusion (D B = α B ρ i c s ). Here ρ i is the ion Larmor radius, c s is the speed of sound in the region plasma interaction with magnetic field and α is a coefficient accounting for non-elastic particle interaction and ranging within 0.1 − 0.25 [53] .
Combining expressions (4-6), we find where α 0.25 = α/0.25, T 7 is the plasma temperature in the region of interaction between the magnetic field and the blobs in units 10 7 K (normalized according to observed Xray spectrum of the object) and ω 0.2 = ω s /0.2 rad s −1 . It is necessary to emphasize that the luminosity of the extended source in the frame of this scenario is in a good agreement with observational data and the description of interaction between the blobs and magnetic field does not contradict the virial theorem (see above). Thus, the maximum possible rate of the spin-down power of the white dwarf conversion into the kinetic energy of the gas due to propeller action by the white dwarf constitutes only a few percent of the observed spin-down power. This indicates that the observed breaking of the white dwarf is governed by a different mechanism.
As was quite correctly mentioned by the discoverers of the rapid breaking of the white dwarf in AE Aqr [22, 14] , the only objects of our Galaxy in which the spindown power of the degenerate component significantly exceeds their bolometric luminosity (L sd ≫ L bol ) are radio-pulsars (i.e. neutron stars in the ejector state) (see, e.g., [54] and references therein). Usov [55] was the first to show that rapidly spinning white dwarfs can be in the ejector state provided their surface temperature satisfies the condition T * ≤ 10 6 K. In this case their spin-down power is released in a form low-frequency electromagnetic waves and relativistic wind and can be estimated with the use of expression for magneto-dipole losses, L md = 2µ 2 sin 2 β ω 4 s /3c 3 [56] , where β is the angle between the magnetic and spin axes.
The surface temperature of the white dwarf in AE Aqr estimated through observations with the Hubble Space telescope [13] satisfies the condition from [55] . Therefore, there are no objections to application of the pulsar-like spin-down mechanism to description of the white dwarf breaking. Solving equation L sd = L md for the dipole magnetic moment of the white dwarf we find that the observed spin-down rate can be explained within this scenario provided [57] 
L sd 6 × 10 33 erg s −1
where P 33 = P s /33 s, and the angle between the magnetic and spin axes of the white dwarf is adopted to be β = 77
• [13] . This result is in good agreement with the estimate of the dipole magnetic moment obtained from simulation of the Doppler Hα tomogram and implies that the strength of the dipole component of the surface magnetic filed of the white dwarf in AE Aqr ranges from 50 MG (at the magnetic equator) to 100 MG (in the region of magnetic poles).
Circular polarization of the optical radiation
As already mentioned above the first attempts to explain the circular polarization of the optical radiation from AE Aqr measured by Cropper [42] , led to a paradox thus indicating a necessity to reconsider estimates of the magnetic field strength of the primary component of this system. Reliability of these results have been confirmed by Beskrovnaya et al. [39] who have shown that the nightly-average value of circular polarization percentage in the V + R passband is 0.06% ± 0.01% and is likely to vary on a timescale of the orbital period.
A polarized component has been reported to present in the optical radiation of Polars and some Intermediate Polars. Its origin is usually associated with cyclotron emission of plasma accreted onto the surface of the white dwarf in the region of its magnetic poles [43] . High-degree circular polarization of radiation from these systems is caused by significant contribution of accretion energy and, correspondingly, polarized component to the optical emission of these objects. Another point is that slow rotation of the white dwarfs in Polars (their spin periods are close to orbital periods of the binaries) makes it possible to integrate signal from only one pole during long exposure times (up to a few hours). The resulting degree of circular polarization in the optical measured from polars reaches extremely high levels up to tens of percents. The polarization percentage observed from rapidly rotating white dwarfs in Intermediate Polars is significantly lower. The reason for this is weaker magnetic field of the primaries in Intermediate Polars and the fact that during the integration time both poles (producing polarization of opposite signs) are contributing to the resulting signal.
Application of this model to interpretation of polarization properties of AE Aqr encounters, however, major difficulties. Observations with the Hubble Space Telescope [13] have revealed that contribution of the hot spots on the surface of the white dwarf in the region of its magnetic poles to the system radiation in the V + R passband does not exceed 0.1% − 0.2%. This means that the optical radiation coming from hot polar caps is diluted by a factor of k cap ≃ 500 − 1000. Besides, due to a very short spin period of the white dwarf in AE Aqr, during an observing night we integrate contribution of both magnetic poles whose optical radiation is circularly polarized in the opposite directions. The resulting degree of polarization depends on the system geometry. A detailed analysis of this situation by Ikhsanov et al. [58] has shown that due to effect of the white dwarf rotation the observed nightly-mean degree of circular polarization of AE Aqr is by a factor of k pa ≃ 4 less than the intrinsic value. Summarizing, we come to conclusion that intrinsic circular polarization due to cyclotron radiation from the polar caps on the white dwarf surface should be > ∼ 0.06% × k cap × k pa that is in excess of 100% in order to account for the observed value. This means that the hot spots on the white dwarf surface responsible for pulsed emission of the system in the UV/optical range cannot be the source of polarized radiation independent of their origin.
Optical circular polarization of white dwarf under certain conditions can be explained in terms of linear and quadratic Zeeman effect [59] . High degree of polarization caused by this mechanism can be observed in some parts of the optical spectrum and is connected with broadening of photospheric lines in the strong magnetic field. The results of numerical simulations reported by Ikhsanov et al. [58] show that radiation of the white dwarf in AE Aqr should be polarized in the V + R passband due to Zeeman effect provided the average value of magnetic field strength along its surface is in excess of 50 MG. However, an expected value of polarization degree for magnetic field strength in the range 50-100 MG is a factor of 4 smaller than the observed value. This discrepancy can be connected with underestimate of the white dwarf magnetic field and/or its more complicated structure (e.g. significant contribution of multi-pole component) as well as with a presence of another source of polarized radiation. In the latter case measurements of circular polarization in the optical radiation from the system cannot be used to evaluate magnetic field strength of its degenerate component. Thus, polarimetric data do not contradict estimates of the magnetic field obtained in Subsections 3.1 and 3.2.
Pulsing hard X-ray emission
An independent estimate of the white dwarf magnetic field can be made on the basis of recently reported discovery of pulsed X-ray emission detected with the SUZAKU telescope in the energy range 10-30 keV [31] . The authors of this discovery have associated this emission with radiative losses of electrons accelerated in the magnetosphere of the white dwarf and hence has a non-thermal origin. The luminosity of the system in this spectral range has been evaluated as ∼ (0.5 − 2.3) × 10 30 erg s −1 under assumption about isotropy of the source. It has been noted, however, that the hard X-ray pulsations have a duty ratio of only 0.1, which allows to conclude that the radiation is highly anisotropic with a beam angle not exceeding 40
• and to estimate its luminosity as
It is widely believed that acceleration of particles by the white dwarf in AE Aqr is due to the fact that the electric potential in the magnetosphere of this star 
where B 8 = B wd /10 8 G. This is not, however, a sufficient condition. For particle acceleration in this potential to be effective the number density of material in the region of acceleration should not exceed the Goldreich-Julian density
Otherwise, the electric field responsible for particle acceleration would be screened by the magnetospheric plasma. Furthermore, particle acceleration is caused by the electric field component parallel to the direction of the magnetic field lines (the electric field component perpendicular to the magnetic field lines cause only drift of particles (see, e.g. [60] ). As recently estimated by [36] on the basis of the model by Arons and Scharlemann [61] , this component is limited to E ≤ E AS , where
The electric potential responsible for particle acceleration in the magnetosphere of the white dwarf turns out to be
where l 0 = (R wd + s) is a distance from the surface of the white dwarf to the region of Xrays generation. The kinetic luminosity of the beam of relativistic particles accelerated in this potential on the spatial scale r wd ≪ l 0 ≤ R lc is limited to [36] 
where e is the electron electric charge, and R lc = c/ω s is the light cylinder radius.
is the flux of relativistic particles from the polar caps of the white dwarf with the radius
As follows from Eq. (13), the observed luminosity of the hard X-ray pulsing component discovered by Terada et al. [31] can be explained in terms of the pulsar-like acceleration mechanism only if the surface field of the white dwarf satisfies the condition
where η 0.1 = η/0.1 is the efficiency of conversion of the energy of accelerated particles into the energy of X-ray photons normalized to 10%. Thus, analysis of the key properties of AE Aqr leads to the estimate of the surface magnetic field of the white dwarf in this system in the range between 30 and 100 MG. This is comparable to a typical magnetic field strength on the surface of the polars and is only an order of magnitude less than a record-breaking value of magnetic field measured in the white dwarfs [4] . Following this result we can classify the state of the white dwarf in AE Aqr as ejector. This reflects the fact that observed breaking of this star is predominantly due to generation of the low-frequency waves and ejection of relativistic wind. Contribution of the propeller mechanism to the breaking of the white dwarf is insignificant.
EVOLUTIONARY STATE OF THE SYSTEM
A conclusion about unusual state of the white dwarf in AE Aqr rises questions on its origin and evolutionary state of the system in general. A hint to the answer is provided by a discrepancy between the age of the white dwarf determined by its cooling time and the spin-down time scale t sd ≃ P s /2Ṗ ≃ 10 7 years. Indeed, its age evaluated from the surface temperature T wd ∼ 10 000 − 16 000 K and mass M wd ∼ (0.6 − 0.8) M ⊙ is limited to > ∼ 10 8 yr [62] , which exceeds by at least an order of magnitude the value of t sd . This implies that fast rotation of the white dwarf is not connected with peculiarities of its origin but is a product of the binary evolution which contained an epoch of rapid spin-up of the degenerate component caused by intensive accretion onto its surface.
The spin period of the white dwarf can significantly decrease in the process of its accretion-driven spin-up only ifṀ pe >Ṁ crit , whereṀ crit ≃ 10 −7 M ⊙ yr −1 is a critical value of the accretion rate at which the hydrogen burning in the matter deposited onto the white dwarf surface is stable (see [63] and references therein). Otherwise, the spin behavior of the star will be similar to dwarf novae in which spin-up of the degenerate component is prevented by thermonuclear runaways on its surface leading to nova outbursts followed by the expanded envelope mass-loss phase during which the accreted angular momentum is removed from the white dwarf [64] .
Possible causes of the intensive mass-exchange stage in the history of AE Aqr have been discussed by Meintjes [65] . In particular, he has pointed out that if the red dwarf overfills its Roche lobe, the mass transfer rate can reachṀ pe ∼ 10 19 − 10 20 g s −1 (∼ 10 −7 − 10 −6 M ⊙ yr −1 ) and keep this level during the whole spin-up epoch. If the magnetic field strength of the white dwarf, and, correspondingly, its magnetospheric radius, remains unchanged during this epoch, its spin period decrease down to 33 s on the time scale [66] 
where P i is an initial spin period of the white dwarf, which, as will be demonstrated below, satisfies the inequality P i ≫ 33 s. The ultimate period which the white dwarf can reach in the process of disk accretion is given by P min = max{P m , P eq }, where P m is a solution to equation R s = R cor , and P eq is an equilibrium period defined by equality of the spin-up torque,
and spin-down torque, K sd = (1/4)k t B 2 s R 6 wd /R 3 cor , applied to the white dwarf from the accretion flow. Here R s and B s are the magnetospheric radius and the magnetic field strength on the surface of the white dwarf at the final stage of the accretion-driven spinup, and k t is a numerical coefficient the most probable value of which is close to 0.3 (see [54] ). In the case of stationary accretion and under the conditions of interest P eq ≤ P m . Taking P eq = 33 s in equation K su = K sd and solving it for B s , we find that the observed spin period of the white dwarf in AE Aqr can be reached within the scenario of accretioninduced spin-up provided B s ≤ B 0 , where
Here k 0.3 = k t /0.3 andṀ 19 =Ṁ/10 19 g s −1 . This means that reconstructing the evolutionary track of the system it is necessary to take into account not only the spin evolution of the white dwarf (as has been done in [65] ), but also the evolution of its magnetic field. The magnetic field of the white dwarf may decrease during the spin-up epoch due to screening by the accreting material. [67, 68] . The hypothesis about a possibility to bury the magnetic field of accretors has been actively investigated for neutron stars [69, 70] and white dwarfs [71] . The efficiency of screening has been shown to depend on the mass accretion rate and a duration of the intensive mass exchange between the system components. Under favorable conditions the surface magnetic field of a star can be reduced by a factor of 100. Afterwards the field is expected to reemerge in the process of diffusion through the layer of accreted plasma.
Following this hypothesis we can assume that prior to the epoch of active mass exchange the magnetic field strength on the surface of the white dwarf in AE Aqr was close to its current value. At that time the system was likely to behave as a Polar (since the magnetospheric radius of the compact component under the conditionṀ ≪Ṁ pe essentially exceeds its circularization radius). The start of spin-up epoch was caused by increase of the mass exchange rate up toṀ pe ≥ 10 19 g s −1 due to red dwarf overfilling its Roche lobe. This resulted in decrease of the magnetospheric radius of the white dwarf down to R (i) m ≤ 10 10 cm and subsequent formation of the accretion disk in the system. The accretion of matter onto the surface of the white dwarf in this case could occur under condition R (i) m < R cor which was satisfied provided the initial spin period of the white dwarf was P i ≥ 11 min.
The field of the compact object was found to be strongly screened by plasma accumulating in its polar caps for accretion rates greater than the critical value ≥ 3 × 10 16 g s −1 [71] . Because of surface field decay the magnetospheric radius of the white dwarf is decreasing and, correspondingly, the area of the hot spots on its surface is increasing. The maximum possible factor of field reduction during the epoch of intensive accretion
is the opening angle of the accretion column at the beginning of spin-up epoch (see [72] and references therein). This implies that at the final stages of spin-up epoch the magnetic field of the white dwarf did not exceed 1 MG and, hence, could not prevent decrease of the spin period down to its current value.
The spin-up time of the white dwarf with account for screening of its magnetic field in the process of accretion can be evaluated by solving the equation [14] based on the assumption that the magnetospheric radius of the white dwarf is decreasing at the same rate that its corotation radius. The solution to this equation
determines the minimum duration of the spin-up epoch. The amount of matter accumulated on the white dwarf surface during this period can be estimated as
After the accretion epoch is over the surface magnetic field of the white dwarf is gradually increasing due to diffusion of the buried field through the layer of screening plasma. The diffusion timescale of field can be estimated as t diff ∼ 4πσ h 2 /c 2 , where σ is electron conductivity and h = P/ρg is pressure scale height. Here P ∼ 6.8 × 5 erg cm −3 is the pressure of non-relativistic degenerate gas, ρ in the plasma density at the base of the screening layer (ρ 5 = ρ/10 5 g cm −3 ) and g = GM wd /R 2 wd . Using the value of electron conductivity of non-relativistic degenerate gas calculated in [73, 74] , Cumming [71] has shown that reemergence of the field of the white dwarf having undergone the stage of active accretion occurs on the timescale
An appearance of a rapidly rotating highly magnetic white dwarf can be expected only under the condition τ diff ≤ t sd . Otherwise the spin period of the compact component will essentially increase on the timescale of field reemergence. Solving this inequality for the parameters of AE Aqr we find 
According to [75] , this condition is satisfied for white dwarfs with the mass in the range 1.1 − 1.2 M ⊙ . The result obtained allows to make some conclusions about the system parameters in general. First of all, relatively large mass of the white dwarf indicates that the angle of orbital inclination is close to 50
• . This value is within the range of permitted values for this parameter [21] . It implies the mass of the red dwarf companion in excess of 0.7 M ⊙ and, accounting for its tidal distortion [19] , lead to the estimate of its tidal radius (along the system major axis) comparable to the radius of its Roche lobe (see, also, [76] ). Besides, this result indicates that the spin-down power of the white dwarf can be overestimate by a factor of 2, and, accordingly, the dipole magnetic moment of the white dwarf is µ ≃ 10 34 G cm 3 (see Eq. 8). Finally, a correction of the inclination angle (its shift towards lower values) leads us to conclusion that the velocity of the gaseous stream in the Roche lobe of the white dwarf is somewhat greater than initially adopted and, hence, the distance of the stream closest approach to the white dwarf is somewhat less than previously estimated. This fact has to be taken into account in the modeling of the mass transfer in the system in the present epoch.
CONCLUSIONS
Our analysis has shown that most of the enigmatic properties of AE Aqr result from the presence of the white dwarf in the ejector state. Its origin is connected with intensive mass exchange between the system components which started approximately 10 million years ago after a companion star had overflowed its Roche lobe. In the process of accretion which took place in that epoch, the material deposited from the accretion disk onto the white dwarf surface temporarily screened the internal magnetic field of the white dwarf thus making possible accretion-induced spin-up up to its current level. The transition of the white dwarf into the ejector state was caused by reemerging of the magnetic field by diffusion through the layer of accreted matter.
Relatively large age of the white dwarf (∼ 10 9 yr) derived from its average surface temperature, limitation on its intrinsic spin period (P i > 11 min) and our estimate of its dipole magnetic moment (µ ∼ 10 34 G cm 3 ) make us to suggest that before the spinup epoch AE Aqr could manifest itself as a Polar. During the spin-up epoch its X-ray luminosity exceeded 10 36 erg s −1 and the system could be seen as extremely bright Intermediate Polar. One cannot exclude that during the final phase of spin-up, the accretion of matter onto the white dwarf surface occurred directly from the accretion disk (as in non-magnetic CVs) and a component pulsing at the spin period of the white dwarf was not present in the X-ray emission from the system. The duration of the present epoch is likely to be determined by the spin-down time-scale of the white dwarf which is close 10 million years. At the end of this epoch one can expect dissipation of electric currents in the white dwarf magnetosphere and its transition to the propeller state. Further the system will appear as a Polar.
In the frame of this scenario AE Aqr can be considered as a missing evolutionary link in the evolution of Polars, with its origin resembling in some aspects evolutionary scenario for recycled pulsars. At the same time, the analogy with evolution of recycled pulsars is incomplete since before the spin-up epoch the white dwarf was in the accretor state with relatively slow rotation. Thus, in the case of AE Aqr we deal with essentially new evolutionary stage of low-mass binaries requiring introduction of a new subclass which we call "Twisters". The degenerate objects in the systems from this subclass are in the ejector state. Intensive matter outflow from a system and a presence of highluminous non-thermal component in its emission can be considered as indirect attribute of a Twister. Contribution of accretion luminosity to the energy budget of these systems is insignificant.
